A Fhit-ing role in the DNA damage checkpoint response.
The FHIT gene encompasses the most active common fragile site of the human genome and is thus exquisitely sensitive to intragenic alterations by DNA damaging agents, alterations that can lead to FHIT allele loss very early in the preneoplastic phase of cancer development, before or coincident with activation of the DNA damage checkpoint. Fhit protein expression is lost or reduced in many preneoplastic lesions and in >50% of cancers, Fhit knockout mice are highly susceptible to carcinogen induction of tumors and Fhit replacement in these mice by gene therapy induces apoptosis and significantly reduces tumor burden. But learning how Fhit induces apoptosis and suppresses tumors has been a challenge because interacting proteins, effectors of Fhit signals, have not been discovered. Nevertheless, the study of Fhit deficient mouse and human tissue-derived and cancer-derived cells in vitro has led to several important conclusions: repair protein-deficient cancers are more likely to be Fhit-deficient; Fhit-deficient cells show enhanced resistance to UVC, mitomycin C, camptothecin and ionizing radiation-induced cell killing, possibly due to strong activation of the ATR pathway following DNA damage; Fhit-deficient cells show higher efficiency of homologous recombination repair, a double-strand break repair pathway in mammalian cells; Fhit protein indirectly affects S-phase checkpoint and DNA repair. Finally, results of a recent study have suggested that the DNA damage-susceptible FRA3B/FHIT chromosome fragile region, paradoxically, encodes a protein, Fhit, that is necessary for protecting cells from accumulation of DNA damage, through modulation of checkpoint proteins Hus1 and phosphoChk1. Thus, inactivation of Fhit contributes to accumulation of abnormal checkpoint phenotypes in cancer development. It will be very important to determine mechanisms employed by Fhit in modulating checkpoint pathways, and to define consequences of Fhit loss in specific preneoplastic and neoplastic tissues, to provide rationales for effective replacement or reactivation of endogenous Fhit pathways in novel therapeutic or preventive approaches.